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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstraot 

PURPOSE: To provide a thin film type magnetic recording medium 
having excellent corrosion resistance, still durability and 
electromagnetic transducing characteristics. 

CONSTITUTION: A Co-based ferromagnetic thin film 2 is formed on a 
non- magnetic substrate 3 and a diamondlike carbon layer 1 is formed 
on the thin film 2 with hydrocarbon as starting material. TTia max. 
concn. of oxygen in the surface part of the ferromagnetic thin film 
corresponding to <1/3 of the thickness is 10 to <30 atomic% and the 
thickness of the diamondlike carbon layer is 20 to <1 00&angst;, 
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• NOTICES • 

JPO and WIT are not responsible for any 
danoges caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2, "" shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s>] 

[Claim l]ln a magnetic recording medium which formed a ferromagnetic thin 
film layer which uses Co as the main ingredients on a nonmagnetic substrate, 
and formed a diamond like carbon layer which uses hydrocarbon as a raw 
material on this ferromagnetic thin film layer, A magnetic recording medium, 
wherein oxygen maximum density in surface side 1 / 3 in said ferromagnetic 
thin film layer thickness direction is less than [ more than 10aW630at% ] and 
thickness of said diamond like carbon layer is not less than 20A less than 1 00A. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION [Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the magnetic recording 
medium which consists of a Co system ferromagnetism thin film layer, 
for example, magnetic tape. 
[0002] 

[Description of the Prior Art]oxide ferromagnetic powder, such as 
gamma-Fe 203 which contains gamma-Fe 203 and Co on a nonmagnetic 
substrate as a magnetic recording medium conventionally, and Cr02, — 
or, The magnetic recording medium of the coating mold produced by 
applying and drying the magnetic paint which made powder magnetic 
materials, such as alloy magnetic powder which uses Fe, Co, nickel, etc. 
as the main ingredients, distribute in organic binders, such as a VCM/PVC 
system copolymer, polyester resin, and polyurethane resin, is used 
widely. 

[0003]On the other hand, the ferromagnetic thin film formed by methods, 
such as vacuum deposition, sputtering, and ion plating, is examined as a 
magnetic recording medium for high density recording. Since these 
ferromagnetic thin films are not only excellent in coercive force and a 
remanence ratio, but do not contain an indispensable organic binder in a 
magnetic layer by a coating mold medium, their residual magnetic flux 
density is also high. Since thickness of a magnetic layer can be made very 
thin, there is also little thickness loss at the time of reproduction. 
[0004]Thus, while it has the outstanding magnetic parametric 
performance, since these ferromagnetic thin films are formed from the 
metallic material, as compared with a coating mold medium, it is easy to 
be corroded, and still durability is also bad [ ferromagnetic thin films ]. 
[0005]ln order to improve such performances, the protective layer of the 
amorphous carbon by weld slag or the diamond like carbon by plasma 
CVD is studied these days. Although it is effective in raising the 
performance of the above [ these hard carbon films ], by the spacing loss 
accompanying the thickness, especially a short wavelength output 
receives influence and decreases. 

[0006]The short wavelength output of MP tape improves by improvement 
of thin-film-izing, atomization, smooth-surface-izing, etc., and it has 



been approaching it of a ME tape in recent years. Therefore, although the 
fall by the spacing loss of the short wavelength output which is the 
greatest dominance point of a ME tape had to be lessened as much as 
possible, the hard carbon film of not less than 100A of old places needs 
to be formed, therefore the short wavelength output was declining by not 
less than 2 dB. 
[0007] 

[Problem(s) to be Solved by the InventionJThe purpose of this invention is 
to provide the thin film type magnetic recording medium which solves the 
above problems and has the outstanding corrosion resistance, still 
durability, and magnetic parametric performance. 
[0008] 

[Means for Solving the Problem]ln a magnetic recording medium which 
the above-mentioned purpose formed a ferromagnetic thin film layer 
which uses Co as the main ingredients on a nonmagnetic substrate, and 
formed a diamond like carbon layer which uses hydrocarbon as a raw 
material on this ferromagnetic thin film layer, Oxygen maximum density 
in surface side 1 / 3 in said ferromagnetic thin film layer thickness 
direction is less than [ more than 10at%30at% ], and thickness of said 
diamond like carbon layer is attained by magnetic recording medium not 
less than 20A being less than 100A. 
[0009] 

[Function]ln this invention, in order to attain said purpose, it was 
wholeheartedly obtained as a result of research. 

The oxygen maximum density in magnetic layer surface side 1 / 3 usually 
accompanying [ time of vacuum evaporation ] oxygen introduction 
therefore, by using less than more than 10at%30at%, Decrease the 
spacing loss resulting from a nonmagnetic oxide layer, and 100A of 
diamond like carbon layers are further formed in a magnetic layer surface 
from 20A, Corrosion resistance and still durability are raised suppressing 
increase of the spacing loss resulting from a diamond like carbon layer to 
the minimum. 

[00 10] Hereafter, this invention is explained in detail. 

[0011]As the magnetic recording medium of this invention is shown in 

drawing 1, the ferromagnetic thin film 2 is formed by vacuum 

evaporation on the nonmagnetic substrate 3. 

The diamond like carbon layer 1 is formed on it. 

A magnetic recording medium is explained in full detail below. 

[0012](a) As a raw material of said nonmagnetic substrate used for 

nonmagnetic substrate this invention, Cellulosics, such as polyolefines, 

such as polyester, such as polyethylene terephthalate and polyethylene 

2,6-naphthalate, and polypropylene, cellulose triacetate, and cellulose 

die acetate, polyamide, aromatic polyamide, polyimide, Plastics, such as a 



polyphenylene sulfide, a polyether ether ketone, and polycarbonate, are 
used. 

[0013]To said nonmagnetic substrate, the granularity or shape of a 
ferromagnetic metallic thin film layer is controllable by forming a 
vermiform protuberance and a granular projection. 
[0014]Said vermiform protuberance can be formed by extending, after 
applying a polymeric material, for example on a nonmagnetic substrate 
and drying. Said granular projection. [ whether an inorganic particle with 
a particle diameter of 50A - about 3000A is distributed at the time of 
high polymer film film production, and this is held inside, and ] Or it can 
form by distributing the particles of organic particulates or silica, and 
metal, and making it apply or adhere as an under-coating layer of a 
nonmagnetic substrate into a binder. 50A - 1000 A of height of this 
granular projection is 100A - 500A still more preferably. As for density, it 
is preferred that they are 10 3 - 10 7 individual / mm2. Endurance and 
performance traverse are improved by forming these projections. 
[0015]Any, such as a tape, a sheet, a card, and a disk, may be sufficient 
as the gestalt of said nonmagnetic substrate, and each material is chosen 
according to the final gestalt as a magnetic recording medium. 
[0016]The thickness of these nonmagnetic substrates is a tape and, 
about about 3-100 micrometers in a sheet shaped, it is 4-50 
micrometers preferably. 

In the case of a disk and card shape, the thing of the range of 30 
micrometers - 10 mm can be used. 

[0017](b) A ferromagnetic thin film layer is provided on the ferromagnetic 
thin film layer aforementioned nonmagnetic substrate. 
[0018]lf the magnetic material used for this invention is an alloy system 
magnetic material which uses Co or Co as the main ingredients, it can 
use the publicly known magnetic material currently used from the former. 
As an example of the magnetic material used for the method of this 
invention, Fe-Co, Fe-Co-nickel, Co-nickel, Co-Cu, Co-Au, Co-Y, Co-La, 
Co-Pr, Co-Gd, Co-Sm, Co-Si, Co-Pt, Co-Cr, Fe-Co-Cr, Co-V, Co-W, Co- 
Mn, Co-Ti, Co-nickel-Cr, Fe-Co-nickel-Cr etc. can be mentioned. 
[0019]To the ferromagnetic thin film layer in the magnetic recording 
medium of this invention, it is preferred that total metal atom weight 
contains [ Co ] 70% of the weight or more. When the content of Co is out 
of said range, coercive force and a residual magnetic flux density may 
fall, and aggravation of a magnetic parametric performance may be 
brought about. 

[0020]Oxygen contains in a ferromagnetic thin film layer. 
[0021]Usually, an oxide layer with a high oxygen density is formed near 
the surface of said ferromagnetic thin film layer by introducing a 
oxidizing gas into the low incidence air current side at the time of 
vacuum evaporation. The oxygen maximum density of said oxide layer 



and the thickness of an oxide layer change with the introduction amounts 
of a oxidizing gas. 

[0022]lf there are too few introduction amounts of a oxidizing gas, the 
thickness of oxygen maximum density and an oxide layer will decrease, 
running durability and aggravation of corrosion-resistant and still 
durability are brought about, and also since the oxygen density inside a 
magnetic layer is also low, coercive force, an output, and S/N also 
become low. 

[0023]On the other hand, if there are too many introduction amounts of a 
oxidizing gas, the thickness of the surface oxide layer of that to which 
coercive force becomes high will increase, and an output will decrease. As 
mentioned above, a good predetermined oxidizing gas introduction 
amount with sufficient balance of the characteristics, such as endurance, 
corrosion resistance, and a magnetic parametric performance, is 
determined. 

[0024]At this time, the oxygen maximum density of a surface oxide layer 
will be 30 - 50at%, and the thickness of an oxide layer will be about 50- 
300A. 

[0025]When producing a diamond like carbon layer with a plasma CVD 
device on said ferromagnetic thin film layer, oxygen near the 
ferromagnetic thin film layer surface reacts to hydrogen or carbon by 
impression of negative bias voltage, and serves as H20 and C02, and it 
escapes from it as gas and comes out of it. As a result, the oxygen 
density near [ after diamond like carbon film production ] the surface 
decreases compared with it before film production, spacing loss falls, and 
a magnetic parametric performance improves. However, if negative bias 
voltage is too high, abnormal discharge will be caused, and membranous 
deposition becomes is hard to be carried out. Within the limits of 
negative bias voltage of -100V — 3kV is preferred. 

[0026]in this invention — the oxygen maximum density in surface side 1 
/ 3 of the ferromagnetic thin film layer after diamond like carbon layer 
film production — 10 - 30at% — it is 10 - 25at% preferably. As for a 
magnetic parametric performance, since coercive force is low, less than [ 
10at% ] is [ the oxygen maximum density in surface side 1 / 3 ] 
insufficient, and if 30at% is exceeded, the fall of an output will be 
brought about by the spacing loss by a surface oxide layer. 
[0027]5000A or less of thickness of said ferromagnetic thin film layer is 
within the limits of 800-3500 A preferably. 

[0028]A ferromagnetic thin film layer may comprise two or more layers, 
and the oxygen maximum density in surface side 1/3 of the 
ferromagnetic thin film layer top layer is 10 - 30at% in that case. 
[0029]ln order to form a ferromagnetic thin film layer, said ferromagnetic 
material is made to vapor-deposit on said nonmagnetic substrate. 
[0030]As vacuum deposition, a vacuum deposition method, the ion 
plating method, etc. can be used. The heating can use an electron-beam- 



heating method, a resistance heating method, a laser beam heating 
method, an induction-heating method, etc. 

[0031]What is necessary is just gas which contains at least one sort 
chosen from the allotrope of oxygen and oxygen, and the active species 
of oxygen as a oxidizing gas used at the time of vacuum evaporation. As 
other gas which can be used together with these gases, for example 
Nitrogen (N2) gas, gaseous helium (helium), it is independent about 
inactive gas, such as xenon gas (Xe), radon gas (Rn), argon (Ar), and neon 
(Ne), carbon monoxide (CO), carbon dioxide (C02), hydrogen (H2), and a 
steam (H20), or two or more sorts can be mixed and used together. 
[0032](c) A diamond like carbon layer is provided on the diamond like 
carbon layer aforementioned ferromagnetism thin film layer. 
[0033]The diamond like carbon layer in this invention can use a plasma 
CVD device, and can produce it by decomposition of hydrocarbon gas, 
such as methane, ethane, propane, butane, and benzene. 
[0034]The electronic structure of said diamond like carbon layer is SP2 
and SP3. 

It is a film which consists of an amorphous state including diamond 
combination, and this can be judged from measurement of the binding 
energy by Raman analysis, TEM selected area diffraction, and ESCA. 

[0035]Furthermore, Vickers hardness is highly (it measures by NEC MHA- 
400) excellent in abrasion resistance with Hv=2000 - 3000 (kg/mm2). 
[0036]20-100 A of thickness of said diamond like carbon layer is within 
the limits of 20-50 A preferably. In less than 20A, corrosion resistance 
and still durability have few effects, if it exceeds 100 A conversely, 
spacing loss will increase and the fall of an output will be brought about. 
[00371(d) The magnetic recording medium in other layer this inventions, 
An overcoat layer and a back coat layer may be provided, for example 
with a publicly known coating method and a deposition method after said 
magnetic thin film stratification and/or before formation on said 
nonmagnetic substrate for the purpose of the improvement of the slide 
nature of a magnetic recording medium, the prevention from 
electrification, the prevention from transfer, corrosion-resistant 
improvement, and wear-resistant improvement. These coating methods 
and a deposition method, For example, it is published by the publication- 
of-patent-applications specification of JP,54-123922,A, JP,54-123923,A, 
JP.56-71284.A, JP,56-71286,A, JP.56-71287.A, JP,56-11626,A, and 
JP.57-135442.A. 

[0038JA back coat layer to one or more sorts of binder resin, such as 
VCM/PVC, VCM/PVC vinyl acetate, phenol resin, and polyurethane resin. 
The ferromagnetic thin film of a nonmagnetic substrate applies and 
forms whether two or more sorts of carbon black of the kind from which 
one sort, particle diameter, or chemical nature is different in conductive 
carbon black is distributed together, and the coating liquid distributed 



independently in the opposite field in which it is provided. As an organic 
solvent used at the time of distribution, cyclohexanone, toluene, methyl 
ethyl ketone, benzene, etc. are often used. An inorganic pigment may be 
distributed with carbon black for surface nature or a durability 
improvement. 

[0039]An overcoat layer as lubricant, Perfluoro polyether, piece terminal 
modification perfluoro polyether, both-ends denaturation perfluoro 
polyether, fatty acid or its metal salt, fatty acid amide, fatty acid ester, 
alkyl acid phosphate, acid phosphoric acid amine salt, hydrogen 
phosphite, Perfluoroalkyl carboxylic acid or its metal salt, perfluoroalkyl 
carboxylate, perfluoroalkyl sulfonic acid, Can use the ammonium salt and 
also Or a rust-proofer (for example, alkylphenol, hydroquinone, cresol, 
naphthols, and triazoles) and an extreme pressure agent. (For example, a 
phosphoric acid system extreme pressure agent like trio rail phosphate, a 
sulfur system extreme pressure agent like a methyl thioether, and a 
compound-die extreme pressure agent like thio phosphate) may be used 
together. 
[0040] 

[Example]Hereafter, the example of this invention is shown and this 
invention is explained still in detail. It cannot be overemphasized that this 
invention is not limited to the following examples and it can change 
suitably within the limits of the gist of this invention. 
[0041](Example 1) It formed on the 10.0-micrometer-thick polyethylene 
terephthalate film using the rolling-up type vacuum deposition machine 
on 90 magnetic layer thetamax(es) which consist of Co-nickel=80 -20 
alloys, 40 thetamin, and the conditions of 2000 A of thickness. The film 
was produced carrying out 400SCCM introduction of the oxygen from the 
minimum incidence angle side. 

[0042]On this sample, the plasma CVD device was used and the diamond 
like carbon layer was formed. Film production conditions use 
benzeneargon 1:1 (mole ratio) mixed gas for material gas, are 10-Pa gas 
pressure conditions, and produce a film considering the RF output of a 
plasma generation as 0.5 kW and negative bias voltage-2kV, and it was 
made for diamond like carbon thickness to be 20 A. The oxygen 
maximum density in magnetic layer surface side 1 / 3 by the Augier 
depth profile was 20.2at%. 

[0043]lt measured about the still durability of the produced magnetic 
recording medium, corrosion resistance, and a magnetic parametric 
performance. 

[0044]Still durability; after judging the produced sample to 8-mm width, 
it put into the cassette for 8mmVTR, and evaluated in time until it records 
a color bar signal first, it performs still playback after that using a 
commercial HiS VTR deck and a reproducing output declines by -2 dB 
from an initial value. 



[0045]Corrosion resistance; after saving a tape piece for one week in 60 
** and 9096 relative humidity, the percentage reduction of saturation 
magnetization was measured. 

[0046]Magnetic parametric performance; the output of 7 MHz was 
measured using the commercial Hi8 VTR deck. However, the output of 
the sample which did not produce the diamond like carbon layer of the 
comparative example 1 here was 0 dB. 
[0047]The obtained result is shown in Table 1. 
[0048](Example 2) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 30 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 20.8at%. 
[0049](Example 3) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 50 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 19.4at%. 
[0050](Example 4) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 100 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 19.6at%. 
[0051](Example 5) In Example 1, 200SCCM introduction of the oxygen 
was carried out from the minimum incidence angle side, and the 
magnetic recording medium was produced like Example 1 except the 
thickness of the diamond like carbon layer having been 100 A. The 
oxygen maximum density in magnetic layer surface side 1 / 3 by the 
Augier depth profile was 13.2at%. 

[0052](Example 6) In Example 1, 600SCCM introduction of the oxygen 
was carried out from the minimum incidence angle side, and the 
magnetic recording medium was produced like Example 1 except the 
thickness of the diamond like carbon layer having been 20 A. The oxygen 
maximum density in magnetic layer surface side 1 / 3 by the Augier 
depth profile was 27.3at%. 

[0053](Comparative example 1) The magnetic recording medium was 
formed on the same conditions as Example 1 except not having produced 
a diamond like carbon layer in Example 1. The oxygen maximum density 
in magnetic layer surface side 1 / 3 by the Augier depth profile was 
40.2at%. 

[0054](Comparative example 2) In Example 1, the magnetic recording 
medium was produced like Example 1 except the thickness of the 
diamond like carbon layer having been 10 A. The oxygen maximum 
density in magnetic layer surface side 1 / 3 by the Augier depth profile 
was 31.9at%. 

[0055](Example 3) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 



layer having been 200 A. The oxygen maximum density in magnetic layer 

surface side 1 / 3 by the Augier depth profile was 17.1at%. 

[0056] 
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[0057](Evaluation) The oxygen maximum density in surface side 1 / 3 in 
?n r L 0 ^ agnetiC thin film layer thickness direction is less than [ more than 
10at%30at% ] so that clearly from the above result, Examples 1-6 whose 
thl n.u SS ° f ? diamond ,ike carbon "ayer is not less than 20A less than 
100A have a high output, and are low. [ of the saturation-magnetization- 
quantity phis percentage reduction after thermostat preservation ] Still 
durability is also good. 
[0058] 

[Effect of the lnvention]When producing a diamond like carbon layer on a 
ferromagnetic thin film layer, by impressing suitable negative bias 
voltage, oxygen of the ferromagnetic thin film layer surface reacts to 
hydrogen and carbon in early stages of film production, and in order to 
escape as gas and to come out, spacing loss falls. Still durability and 
corrosion resistance also improve by a further 20-100-A diamond like 
carbon layer. 
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TECHNICAL FIELD 



[Industrial AppllcatlonJThis Invention relates to the magnetic recording medium 
which consists of a Co system ferromagnetism thin film layer, for example, 
magnetic tape. 
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PRIOR ART [Description of the Prior Art]oxide ferromagnetic powder, such 
as gamma-Fe 203 which contains gamma-Fe 203 and Co on a 
nonmagnetic substrate as a magnetic recording medium conventionally, 
and Cr02, — or, The magnetic recording medium of the coating mold 
produced by applying and drying the magnetic paint which made powder 
magnetic materials, such as alloy magnetic powder which uses Fe, Co, 
nickel, etc. as the main ingredients, distribute in organic binders, such as 
a VCM/PVC system copolymer, polyester resin, and polyurethane resin, is 
used widely. 

[0003]On the other hand, the ferromagnetic thin film formed by methods, 
such as vacuum deposition, sputtering, and ion plating, is examined as a 
magnetic recording medium for high density recording. Since these 
ferromagnetic thin films are not only excellent in coercive force and a 
remanence ratio, but do not contain an indispensable organic binder in a 
magnetic layer by a coating mold medium, their residual magnetic flux 
density is also high. Since thickness of a magnetic layer can be made very 
thin, there is also little thickness loss at the time of reproduction. 
[0004]Thus, while it has the outstanding magnetic parametric 
performance, since these ferromagnetic thin films are formed from the 
metallic material, as compared with a coating mold medium, it is easy to 
be corroded, and still durability is also bad [ ferromagnetic thin films ]. 
[0005]ln order to improve such performances, the protective layer of the 
amorphous carbon by weld slag or the diamond like carbon by plasma 
CVD is studied these days. Although it is effective in raising the 
performance of the above [ these hard carbon films ], by the spacing loss 
accompanying the thickness, especially a short wavelength output 
receives influence and decreases. 

[0006]The short wavelength output of MP tape improves by improvement 
of thin-film-izing, atomization, smooth-surface-izing, etc., and it has 
been approaching it of a ME tape in recent years. Therefore, although the 
fall by the spacing loss of the short wavelength output which is the 
greatest dominance point of a ME tape had to be lessened as much as 
possible, the hard carbon film of not less than 100A of old places needs 



to be formed, therefore the short wavelength output was declining by not 
less than 2 dB. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionJThe purpose of this invention is to 
provide the thin film type magnetic recording medium which solves the above 
problems and has the outstanding corrosion resistance, still durability, and 
magnetic parametric performance. 
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EFFECT OF THE INVENTION 



[Effect of the lnvention]When producing a diamond like carbon layer on a 
ferromagnetic thin film layer, by Impressing suitable negative bias voltage, 
oxygen of the ferromagnetic thin film layer surface reacts to hydrogen and 
carbon in early stages of film production, and in order to escape as gas and to 
come out, spacing toss falls. Still durability and corrosion resistance also improve 
by a further 20-1 00-A diamond like carbon layer. 
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MEANS 



[Means for Solving the Problem]ln a magnetic recording medium which the 
above-mentioned purpose formed a ferromagnetic thin film layer which uses 
Co as the main ingredients on a nonmagnetic substrate, and formed a 
diamond like carbon layer which uses hydrocarbon as a raw material on this 
ferromagnetic thin film layer, Oxygen maximum density in surface side 1 / 3 in 
said ferromagnetic thin film layer thickness direction is less than [ more than 
1 0at%30at% ], and thickness of said diamond like carbon layer is attained by 
magnetic recording medium not less than 20A being less than 1 OOA. 
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OPERATION [Function]ln this invention, in order to attain said purpose, it 
was wholeheartedly obtained as a result of research. 
The oxygen maximum density in magnetic layer surface side 1 / 3 usually 
accompanying [ time of vacuum evaporation ] oxygen introduction 
therefore, by using less than more than 10at%30at%, Decrease the 
spacing loss resulting from a nonmagnetic oxide layer, and 100A of 
diamond like carbon layers are further formed in a magnetic layer surface 
from 20A, Corrosion resistance and still durability are raised suppressing 
increase of the spacing loss resulting from a diamond like carbon layer to 
the minimum. 

[0010]Hereafter, this invention is explained in detail. 

[0011]As the magnetic recording medium of this invention is shown in 

drawing 1, the ferromagnetic thin film 2 is formed by vacuum 

evaporation on the nonmagnetic substrate 3. 

The diamond like carbon layer 1 is formed on it. 

A magnetic recording medium is explained in full detail below. 

[0012](a) As a raw material of said nonmagnetic substrate used for 

nonmagnetic substrate this invention, Cellulosics, such as polyolefines, 

such as polyester, such as polyethylene terephthalate and polyethylene 

2,6-naphthalate, and polypropylene, cellulose triacetate, and cellulose 

die acetate, polyamide, aromatic polyamide, polyimide, Plastics, such as a 

polyphenylene sulfide, a polyether ether ketone, and polycarbonate, are 

used. 

[0013]To said nonmagnetic substrate, the granularity or shape of a 
ferromagnetic metallic thin film layer is controllable by forming a 
vermiform protuberance and a granular projection. 
[0014]Said vermiform protuberance can be formed by extending, after 
applying a polymeric material, for example on a nonmagnetic substrate 
and drying. Said granular projection, [whether an inorganic particle with 
a particle diameter of 50A - about 3000A is distributed at the time of 
high polymer film film production, and this is held inside, and ] Or it can 
form by distributing the particles of organic particulates or silica, and 
metal, and making it apply or adhere as an under-coating layer of a 
nonmagnetic substrate into a binder. 50A - 1000 A of height of this 



granular projection is 100A - 500A still more preferably. As for density, it 
is preferred that they are 10 3 - 10 7 individual / mm2. Endurance and 
performance traverse are improved by forming these projections. 
E0015]Any, such as a tape, a sheet, a card, and a disk, may be sufficient 
as the gestalt of said nonmagnetic substrate, and each material is chosen 
according to the final gestalt as a magnetic recording medium. 
[0016]The thickness of these nonmagnetic substrates is a tape and, 
about about 3-100 micrometers in a sheet shaped, it is 4-50 
micrometers preferably. 

In the case of a disk and card shape, the thing of the range of 30 
micrometers - 10 mm can be used. 

[0017](b) A ferromagnetic thin film layer is provided on the ferromagnetic 
thin film layer aforementioned nonmagnetic substrate. 
[0018]lf the magnetic material used for this invention is an alloy system 
magnetic material which uses Co or Co as the main ingredients, it can 
use the publicly known magnetic material currently used from the former. 
As an example of the magnetic material used for the method of this 
invention, Fe-Co, Fe-Co-nickel, Co-nickel, Co-Cu, Co-Au, Co-Y, Co-La, 
Co-Pr, Co-Cd, Co-Sm, Co-Si, Co-Pt, Co-Cr, Fe-Co-Cr, Co-V, Co-W, Co- 
Mn, Co-Ti, Co-nickel-Cr, Fe-Co-nickel-Cr etc. can be mentioned. 
[0019]To the ferromagnetic thin film layer in the magnetic recording 
medium of this invention, it is preferred that total metal atom weight 
contains [ Co ] 70% of the weight or more. When the content of Co is out 
of said range, coercive force and a residual magnetic flux density may 
fail, and aggravation of a magnetic parametric performance may be 
brought about. 

[0020]Oxygen contains in a ferromagnetic thin film layer. 
[0021]Usually, an oxide layer with a high oxygen density is formed near 
the surface of said ferromagnetic thin film layer by introducing a 
oxidizing gas into the low incidence air current side at the time of 
vacuum evaporation. The oxygen maximum density of said oxide layer 
and the thickness of an oxide layer change with the introduction amounts 
of a oxidizing gas. 

[0022]lf there are too few introduction amounts of a oxidizing gas, the 
thickness of oxygen maximum density and an oxide layer will decrease, 
running durability and aggravation of corrosion-resistant and still 
durability are brought about, and also since the oxygen density inside a 
magnetic layer is also low, coercive force, an output, and S/N also 
become low. 

[0023]On the other hand, if there are too many introduction amounts of a 
oxidizing gas, the thickness of the surface oxide layer of that to which 
coercive force becomes high will increase, and an output will decrease. As 
mentioned above, a good predetermined oxidizing gas introduction 
amount with sufficient balance of the characteristics, such as endurance, 



corrosion resistance, and a magnetic parametric performance, is 
determined. 

[0024]At this time, the oxygen maximum density of a surface oxide layer 
will be 30 - 50at%, and the thickness of an oxide layer will be about 50- 
300A. 

[0025]When producing a diamond like carbon layer with a plasma CVD 
device on said ferromagnetic thin film layer, oxygen near the 
ferromagnetic thin film layer surface reacts to hydrogen or carbon by 
impression of negative bias voltage, and serves as H20 and C02, and it 
escapes from it as gas and comes out of it. As a result, the oxygen 
density near [ after diamond like carbon film production ] the surface 
decreases compared with it before film production, spacing loss falls, and 
a magnetic parametric performance improves. However, if negative bias 
voltage is too high, abnormal discharge will be caused, and membranous 
deposition becomes is hard to be carried out. Within the limits of 
negative bias voltage of -100V-- 3kV is preferred. 
[0026]in this invention — the oxygen maximum density in surface side 1 
/ 3 of the ferromagnetic thin film layer after diamond like carbon layer 
film production — 10 - 30at% — it is 10 - 25at% preferably. As for a 
magnetic parametric performance, since coercive force is low, less than [ 
10at%] is [ the oxygen maximum density in surface side 1 / 3 ] 
insufficient, and if 30at% is exceeded, the fall of an output will be 
brought about by the spacing loss by a surface oxide layer. 
[0027]5000A or less of thickness of said ferromagnetic thin film layer is 
within the limits of 800-3500 A preferably. 

[0028]A ferromagnetic thin film layer may comprise two or more layers, 
and the oxygen maximum density in surface side 1 / 3 of the 
ferromagnetic thin film layer top layer is 10 - 30at% in that case. 
[0029]ln order to form a ferromagnetic thin film layer, said ferromagnetic 
material is made to vapor-deposit on said nonmagnetic substrate. 
[0030]As vacuum deposition, a vacuum deposition method, the ion 
plating method, etc. can be used. The heating can use an electron-beam- 
heating method, a resistance heating method, a laser beam heating 
method, an induction-heating method, etc. 

[0031]What is necessary is just gas which contains at least one sort 
chosen from the allotrope of oxygen and oxygen, and the active species 
of oxygen as a oxidizing gas used at the time of vacuum evaporation. As 
other gas which can be used together with these gases, for example 
Nitrogen (N2) gas, gaseous helium (helium), It is independent about 
inactive gas, such as xenon gas (Xe), radon gas (Rn), argon (Ar), and neon 
(Ne), carbon monoxide (CO), carbon dioxide (C02), hydrogen (H2), and a 
steam (H20), or two or more sorts can be mixed and used together. 
[0032](c) A diamond like carbon layer is provided on the diamond like 
carbon layer aforementioned ferromagnetism thin film layer. 



[0033]The diamond like carbon layer in this invention can use a plasma 
CVD device, and can produce it by decomposition of hydrocarbon gas, 
such as methane, ethane, propane, butane, and benzene. 
[0034]The electronic structure of said diamond like carbon layer is SP2 
and SP3. 

It is a film which consists of an amorphous state including diamond 
combination, and this can be judged from measurement of the binding 
energy by Raman analysis, TEM selected area diffraction, and ESCA. 

[0035]Furthermore, Vickers hardness is highly (it measures by NEC MHA- 
400) excellent in abrasion resistance with Hv=2000 - 3000 (kg/mm2). 
[0036]20-100 A of thickness of said diamond like carbon layer is within 
the limits of 20-50 A preferably. In less than 20A, corrosion resistance 
and still durability have few effects, if it exceeds 100 A conversely, 
spacing loss will increase and the fall of an output will be brought about. 
[0037](d) The magnetic recording medium in other layer this inventions, 
An overcoat layer and a back coat layer may be provided, for example 
with a publicly known coating method and a deposition method after said 
magnetic thin film stratification and/or before formation on said 
nonmagnetic substrate for the purpose of the improvement of the slide 
nature of a magnetic recording medium, the prevention from 
electrification, the prevention from transfer, corrosion-resistant 
improvement, and wear-resistant improvement. These coating methods 
and a deposition method, For example, it is published by the publication- 
of-patent-applications specification of JP,54-123922,A, JP,54-123923,A, 
JP,56-71284,A, JP,56-71286,A, JP,56-71287,A, JP,56-11626,A, and 
JP,57-135442,A. 

[0038]A back coat layer to one or more sorts of binder resin, such as 
VCM/PVC, VCM/PVC vinyl acetate, phenol resin, and polyurethane resin. 
The ferromagnetic thin film of a nonmagnetic substrate applies and 
forms whether two or more sorts of carbon black of the kind from which 
one sort, particle diameter, or chemical nature is different in conductive 
carbon black is distributed together, and the coating liquid distributed 
independently in the opposite field in which it is provided. As an organic 
solvent used at the time of distribution, cyclohexanone, toluene, methyl 
ethyl ketone, benzene, etc. are often used. An inorganic pigment may be 
distributed with carbon black for surface nature or a durability 
improvement. 

[0039]An overcoat layer as lubricant, Perfluoro polyether, piece terminal 
modification perfluoro polyether, both-ends denaturation perfluoro 
polyether, fatty acid or its metal salt, fatty acid amide, fatty acid ester, 
alkyl acid phosphate, acid phosphoric acid amine salt, hydrogen 
phosphite, Perfluoroalkyl carboxylic acid or its metal salt, perfluoroalkyl 
carboxylate, perfluoroalkyl sulfonic acid, Can use the ammonium salt and 
also Or a rust-proofer (for example, alkylphenol, hydroquinone, cresol, 



naphthols, and triazoles) and an extreme pressure agent. (For example, a 
phosphoric acid system extreme pressure agent like trio rail phosphate, a 
sulfur system extreme pressure agent like a methyl thioether, and a 
compound-die extreme pressure agent like thio phosphate) may be used 
together. 
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EXAMPLE [Exam pie] He re after, the example of this invention is shown and 
this invention is explained stiil in detail. It cannot be overemphasized that 
this invention is not limited to the following examples and it can change 
suitably within the limits of the gist of this invention. 
[0041](Example 1) It formed on the 10.0-micrometer-thick polyethylene 
terephthalate film using the rolling-up type vacuum deposition machine 
on 90 magnetic layer thetamax(es) which consist of Co-nickel=80 -20 
alloys, 40 thetamin, and the conditions of 2000 A of thickness. The film 
was produced carrying out 400SCCM introduction of the oxygen from the 
minimum incidence angle side. 

[0042]On this sample, the plasma CVD device was used and the diamond 
like carbon layer was formed. Film production conditions use 
benzeneargon 1:1 (mole ratio) mixed gas for material gas, are 10-Pa gas 
pressure conditions, and produce a film considering the RF output of a 
plasma generation as 0.5 kW and negative bias voltage-2kV, and it was 
made for diamond like carbon thickness to be 20 A. The oxygen 
maximum density in magnetic layer surface side 1 / 3 by the Augier 
depth profile was 20.2at%. 

[0043]lt measured about the still durability of the produced magnetic 
recording medium, corrosion resistance, and a magnetic parametric 
performance. 

[0044]Still durability; after judging the produced sample to 8-mm width, 
it put into the cassette for 8mmVTR, and evaluated in time until it records 
a color bar signal first, it performs still playback after that using a 
commercial Hi8 VTR deck and a reproducing output declines by -2 dB 
from an initial value. 

[0045]Corrosion resistance; after saving a tape piece for one week in 60 
** and 90% relative humidity, the percentage reduction of saturation 
magnetization was measured. 

[0046]Magnetic parametric performance; the output of 7 MHz was 
measured using the commercial Hi8 VTR deck. However, the output of 
the sample which did not produce the diamond like carbon layer of the 
comparative example 1 here was 0 dB. 
[0047]The obtained result is shown in Table 1. 



[0048](Example 2) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 30 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 20.8at%. 
[0049](Example 3) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 50 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 19.4at%. 
[0050](Example 4) In Example 1, the magnetic recording medium was 
produced like Example 1 except the thickness of the diamond like carbon 
layer having been 100 A. The oxygen maximum density in magnetic layer 
surface side 1 / 3 by the Augier depth profile was 19.6at%. 
[0051](Example 5) In Example 1, 200SCCM introduction of the oxygen 
was carried out from the minimum incidence angle side, and the 
magnetic recording medium was produced like Example 1 except the 
thickness of the diamond like carbon layer having been 100 A. The 
oxygen maximum density in magnetic layer surface side 1 / 3 by the 
Augier depth profile was 13.2at%. 

[0052](Example 6) In Example 1, 600SCCM introduction of the oxygen 
was carried out from the minimum incidence angle side, and the 
magnetic recording medium was produced like Example 1 except the 
thickness of the diamond like carbon layer having been 20 A. The oxygen 
maximum density in magnetic layer surface side 1 / 3 by the Augier 
depth profile was 27.3at%. 

[0053](Comparative example 1) The magnetic recording medium was 
formed on the same conditions as Example 1 except not having produced 
a diamond like carbon layer in Example 1. The oxygen maximum density 
in magnetic layer surface side 1 / 3 by the Augier depth profile was 
40.2at%. 

[0054](Comparative example 2) In Example 1, the magnetic recording 
medium was produced like Example 1 except the thickness of the 
diamond like carbon layer having been 10 A. The oxygen maximum 
density in magnetic layer surface side 1 / 3 by the Augier depth profile 
was 31.9at%. 

[0055](Example 3) In Example 1, the magnetic recording medium was 

produced like Example 1 except the thickness of the diamond like carbon 

layer having been 200 A. The oxygen maximum density in magnetic layer 

surface side 1 / 3 by the Augier depth profile was 17.1at%. 

[0056] 

[Table 1] 

ID=000003 



# 

0^ pq 


+ 


co 
+ 


+ 


1 


1 


CO 

+ 




CO 

© 

+ 


CD 
CM 

1 






















# 

MX 

e 


CO 

T 


oo 

1 


CD 
1 


CO 

1 


CO 

1 


CD 

T 


CO 
LO 

T 


CM 

T 


© 
CO 

1 


* a 


CM 
CO 


V 

CM 


V 
o 

CM 


V 
o 

CM 


V 
© 

CM 


CO 
CD 


A 
o 

CD 


A 
© 

CD 


V 


K 




















is 


CM 

<o 

CO 


00 

o 

CM 


CD 

i-H 


CD 

CD 
i-H 


CM 
CO 


CO 

t- 

CM 


CM 


05 

i — i 
CO 


t— 


it 

l-J ^ 


CD 
CM 


CO 


o 
in 


o 

i— ( 


o 
o 


co 

CM 


© 


© 


o 
o 

CM 


Q 




















w ^ 


o 
o 


o 

o> 


o 
o 




o 

CM 


O 

o 

CD 


© 
o 


© 

© 


co 






CM 


CO 




to 

rip 


to 




CM 


CO 



[0057](Evaluation) The oxygen maximum density in surface side 1 / 3 in 
a ferromagnetic thin film layer thickness direction is less than [ more than 
10at%30at% ] so that clearly from the above result, Examples 1-6 whose 
thickness of a diamond like carbon layer is not less than 20A less than 
100A have a high output, and are low. [ of the saturation-magnetization- 
quantity phis percentage reduction after thermostat preservation 1 Still 
durability is also good. 
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• NOTICES ' 




1. This document has been translated by computer, So the translation may not reflect the original precisely. 

2. "" shows the word which can not be translated. 
3.1n Uie drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



IBrief Description of the DrawingsJ 

[Drawing li lt is an important section expanded sectional view of the magnelic recording medium of this invention. 
[Description of Notations! 

1 Diamond like carbon layer 

2 Magnetic layer 

3 Nonmagnetic substrate (substrate) 
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